Abstract Oral clefts are among the most common birth defects affecting thousands of newborns each year, but little is known about their potential long-term consequences. In this paper, we explore the impact of oral clefts on health care utilization over most of the lifespan. To account for time-invariant unobservable parental characteristics, we compare affected individuals with their own unaffected siblings. The analysis is based on unique data comprising the entire cohort of individuals born with oral clefts in Denmark tracked until adulthood in administrative register data. We find that children with oral clefts use more health services than their unaffected siblings.
Introduction
Fetal health shocks in the form of birth defects represent a major public health burden. Major birth defects affect 3-4 % of all newborns and are the leading cause of childhood morbidity and disability [1] . Some defects are surgically repaired early in life leaving the child with a presumed good prognosis for normal health in adulthood, but little is known about the actual long-term consequences for children born with such surgically correctable birth defects [2] . From a public health perspective, identifying the potential long-term consequences of birth defects is important for understanding the spectrum of shocks that such defects may exert on the wellbeing of affected individuals throughout their life in order to better direct treatment and develop secondary prevention strategies for at-risk individuals.
Oral clefts are of particular interest for such studies because they are one of the most common birth defects worldwide. Even though oral clefts are surgically correctable early in life, there are several pathways that may link having a ''repaired'' oral cleft to long-term adverse health outcomes. Early in life, oral clefts are associated with feeding problems and neonatal complications. After surgical repair, children and adolescents with oral clefts may face several health challenges including poor psychosocial adjustment in part due to their low satisfaction with facial appearance and speech problems [3] . Also, oral clefts are influenced by genetic and environmental factors, which may play a role in other health conditions.
The plausibility of a long-lasting effect of oral clefts on health comes from recent studies that have linked oral clefts to adverse outcomes including: mortality due to cardiovascular events, cancer and suicides up to age 55 [4] ; hospitalizations due to mental disorders, mental retardation, and substance abuse [5] ; occurrence of breast cancer [6, 7] ; and total hospitalization days until middle adulthood [8] . A shortcoming of most of the previous literature, however, is that fetal health as well as future health depends on parental factors such as their health and socioeconomic endowments, which typically are not well observed. Maternal health conditions and behaviors such as smoking, multivitamin use, obesity, and diabetes may increase the risk of oral clefts [9] [10] [11] . Families in lower socioeconomic status have been reported to have a higher occurrence of children born with oral clefts [12] [13] [14] , and poorer socioeconomic status during childhood has been linked to worse child and adult health outcomes [15, 16] . The potential for bias is that individuals born with oral clefts may have parental endowments that would lead to poorer future health irrespective of being born with an oral cleft.
In this paper, we advance the existing literature [e.g., 8, 17] by going beyond simple regression models and use a within-siblings fixed effects model that compares siblings discordant on oral clefts on their health care use patterns. The rationale for this approach is that siblings would share a similar genetic make-up and would have grown up in similar environments (we discuss potential threats to this assumption below). This approach is made feasible by access to longitudinal administrative Danish register data that comprise the entire Danish oral cleft population and their siblings. We are able to compare the impacts at different ages, and to examine the impacts on health care utilization by medical diagnosis. The lack of appropriate longitudinal data has been a frequent obstacle in evaluating the long-term impacts of birth defects such as oral clefts [17] . Furthermore, using data on individuals born with oral clefts and their siblings in a health care system, in which individuals face essentially the same availability of health insurance and access to health care, reduces any potential unobserved heterogeneity between siblings in access to health care, which may be a real obstacle for studies using data from countries without universal coverage and where insurance availability may be related to birth defect status. Therefore, any observed differences in health care use cannot be interpreted as resulting from differences in access to insurance.
The paper is laid out in the following sections: ''Background '', ''Data '', ''Empirical methods'', ''Results'' and ''Conclusion''.
Background
Oral clefts occur in about 1-2 per 1,000 live births [18] . In the USA, more than 7,000 infants are annually born with an oral cleft [19] . Oral clefts occur within the first 6-9 weeks of pregnancy when lip and/or palatal structures do not close properly during early fetal development [20] . Clefts of the lip and palate can occur individually, together, or in conjunction with other defects. The majority (70 %), however, occur without other defects (isolated) [21, 22] . Oral clefts have a complex etiology involving both genetic and environmental factors [9-11, 23, 24] . Several studies have also consistently linked oral clefts to first trimester maternal smoking [25] [26] [27] [28] . Some studies have suggested that excessive alcohol, poor nutrition, viral infection, medical drugs, and teratogens in the workplace and at home in early pregnancy may also play a role in oral cleft etiology [18] .
Even though oral clefts are a surgically correctable defect, their complications may extend into reductions in health and quality of life throughout life [17] . During infancy, oral clefts are associated with difficulties in feeding and growth retardation [29] . Furthermore, they may increase the risk of neonatal and infant mortality, especially when present with other birth defects [30] [31] [32] [33] . Later in childhood and in adolescence, oral clefts are associated with increased risks for behavioral and psychosocial problems and reduction in quality of life, which may extend to adulthood due to low satisfaction with facial appearance and speech problems [3, [34] [35] [36] [37] [38] . Health complications throughout childhood result in a considerable burden on the health care system [39] [40] [41] . For example, Boulet et al. [39] estimate that health care costs per capita are eight times higher during the first 10 years of life among children born with oral clefts compared to unaffected children in a USA population. Finally, adults with oral clefts have been reported to have poorer socioeconomic achievement [42] [43] [44] .
Data
Our primary source of data is the Danish Facial Cleft Register (DFCR). The register is maintained by the In the main analysis, we exclude individuals born with non-isolated oral clefts, defined as having other major anomalies, as these involve several heterogeneous malformations of varying severities that may have different effects on future health care utilization. These malformations include, for example, neural tube defects, congenital heart defects, Van de Woude syndrome, and chromosomal abnormalities, and is in line with previous literature [e.g., 5].
Using the Central Person Register we identify the parents of affected individuals in the DFCR to be able to link to their unaffected siblings. Parental linkage for individuals born in Denmark in 1969 or later are considered to be virtually complete (100 % linkage), while parental linkage for individuals born in Denmark 1960-1968 are considered to be almost complete (98 %). In contrast, parental linkage is only possible for one out of ten individuals born in 1950 [45] . We restrict our sample to affected individuals whom we are able to link to their parents. We define siblings as individuals having the same mother and father (full biological siblings). As our identification strategy relies on sibling comparisons, we drop affected individuals without siblings. Affected and unaffected siblings were born an average of 4.8 years apart. We track health care utilization for the affected individuals and their unaffected siblings in administrative registers from 2000 to 2005 pooling each year to increase statistical precision. The total number of person-year observations with complete information on all study variables is 78,374. In our main analysis, we compare the impacts of oral clefts in two age groups: individuals aged \20 years (children and adolescents) and individuals over the age of 20 (adults). By age 20 years, individuals born with an oral cleft are likely to have completed their surgical and orthodontic treatments that are directly related to correcting their oral clefts and the resulting dental complications [43] .
We examine health care utilization measured annually from 2000 to 2005. We measure any uses of specific health services as well as the amount of services used. From the Register of Medicinal Product Statistics [46] , we obtain information on medical drug use measured by the number of defined daily doses (DDD) dispensed per year. 1 We also study physician and specialist service use. This information comes from the Danish National Health Service Register [47] , which contains information on all government-reimbursed primary sector health care services. 2 Finally, we measure hospital care use from the National Patient Registry [48] . To describe the data and to compare affected and unaffected siblings, Table 1 presents some summary statistics for our identifying sample. Statistics are broken down into unaffected individuals and individuals born with any oral clefts as well as by cleft type (cleft lip only, palate only, cleft lip with palate). The general pattern suggested by the descriptive table is that health care utilization is higher for affected individuals than unaffected siblings, but the between-group differences decrease with age.
Empirical methods
In order to identify the effect of being born with an oral cleft on subsequent use of health care services, we follow the literature using within-siblings variation to identify effects of early life conditions [e.g., 16, 49] and compare affected individuals with their unaffected siblings. This within-siblings analysis holds constant unobserved timeinvariant family level characteristics that are shared between siblings and that may affect both cleft risks as well as the study outcomes. Our estimates of the health care effects come from regressions like this one estimated using ordinary least squares (OLS):
where y ist is the outcome of individual i within sibling group s at time t. The primary parameter of interest is b: the coefficient on the dummy variable Cleft is that indicates whether the individual is born with any oral cleft. In an alternative specification, we estimate the impact of the specific cleft types including cleft lip only, cleft lip with palate, and cleft palate only as they vary in their severity and require different treatments, and consequently may have different effects on future health care utilization. Also, cleft types may vary in some of their genetic etiology which may predispose affected individuals to different health outcomes. In this case Cleft is is replaced by three dummy variables representing these cleft types. X is contains exogenous individual-specific controls including age and sex of the individual, birth order, county of residence, and mother's and father's age at childbirth, which has been reported as a risk factor for oral clefts [50] . We also include year dummies, q t , to control for changes in treatment patterns over time. The within-siblings fixed effect, u s , refers to factors that are shared by siblings such as parental endowments, and e ist is an idiosyncratic error term assumed to be independent of all other terms in the equation. Analytically, the within-siblings fixed effect is represented by a set of dummy variables representing each sibling group. We also consider whether the long-term impact of oral clefts on future health care utilization is mediated by own socioeconomic status during adulthood. Providing an understanding of the pathways through which oral clefts may lead to poor future health outcomes could help to shed light on early-life interventions that may effectively reduce the burden of oral clefts on wellbeing in the long-run. Since lower socioeconomic status and other measures of human capital are well-known determinants of health and health care use [51] , this may explain part of the relationship between oral clefts and adult health. Some of the long-term effects of oral clefts on hospitalizations reported in the previous literature are indeed explained by achieving a lower socioeconomic status later in life [8] . In order to evaluate the extent to which oral cleft effects on adult health are due to the effects of oral clefts on own socioeconomic status and human capital accumulation during adulthood, we estimate additional models for the adult sample that control for several measures of own socioeconomic status:
Specifically, we add measures of highest completed educational attainment (Educ ist ) defined by binary variable for whether the individual has an upper and post-secondary educational level and a binary variable for whether the individual has a tertiary educational level (with primary or lower secondary Table 2 presents the estimates of the effect of being born with an oral cleft on the various measures of health care use described above (Eq. 1), separately for children/ adolescents (aged 1-20 years) and adults (aged 20-63 years). Results are presented from model specifications, where we consider being born with any oral cleft, as well as from specifications where we instead include dummy variables for each oral cleft type. All standard errors are clustered at the individual level. Before age 20 years, individuals born with an oral cleft have significantly greater use of most health care services than their unaffected siblings. For example, affected individuals are more likely to consult a specialist during a given year than their unaffected siblings by 18.8 % points (column 3). The size of this effect is large relative to the proportion of unaffected siblings with specialist service use (shown in Table 1 ), representing a 73 % increase in any use to unaffected siblings. The number of visits to specialists is about 2 visits higher anually for affected individuals relative to their unaffected siblings (column 4). For medical drug intake and hospitalizations, the probability of any use increases by 4.4 and 11.3 % points (columns 5 and 7), representing an increase of 9 and 46 % change, respectively, compared to unaffected siblings. Although it appears that most of the differences between siblings with and without oral clefts diminish after the age of 20, some significant differences remain. For example, the greater use of specialist services is reduced to 2.6 %-point difference in likelihood during adulthood, which is about 1/7 the size of the effect at ages \20 years but remains significant. Similarly, we find a moderate effect on any drug intake of 1.2 % points in adulthood, while the effect on any hospitalizations is reduced to 1.4 % points in adulthood, a result that is 1/8 the size of the effect in childhood. There is no significant effect on the probability of any physician visits either in childhood or in adulthood, but a small increase in the number of visits, which is of similar absolute magnitude in childhood/adolescence and adulthood (column 2).
Results

Main results
Effects by cleft subgroup Table 2 also shows the main results separately for the oral cleft types (cleft lip only, palate only, cleft lip with palate). As in previous literature, we find that those individual born with cleft lip only seem to be the least affected group and are generally similar in their health care utilization patterns to their unaffected siblings both during childhood/adolescence and in adulthood. In contrast, we find that individuals born with a cleft lip with palate seem to be the most affected during childhood. For example, there are no significant effects for individuals born with cleft lip only, while individuals born with cleft lip with palate have a 29.3 %-point higher likelihood of visiting a specialist before adulthood. During adulthood, the heterogeneity in effect across cleft subtypes is less apparent.
Effects by medical diagnosis
In Table 3 , we report effects of any oral clefts on any medical drug intake according to the Anatomical Therapeutic Chemical classification system (ATC) as well as on any hospitalizations by ICD-10 classifications of diseases in order to examine whether oral clefts exerts larger effects on particular health conditions (for results by cleft subgroup, see Table A1 in the Appendix, ESM). The table is limited to the most relevant (p \ 0.05) main ATC and ICD-10 groups. We find that the effects on drug intake during the first 20 years of life are primarily driven by intake of anti-infectives. Unsurprisingly, we also find that the effects on hospital care during childhood are primarily driven by congenital malformation-related hospitalizations, followed by a moderate increase in hospitalizations related to diseases of the ear and eye and diseases of the digestive Robust standard errors adjusted for within individual correlation are given in parentheses. The control variables used are age, age squared, female, county of residence, year dummies, parental age at childbirth, birth order dummies, and within-siblings fixed effects. Children/adolescents: 1-20 years. Adults: 21-63 years. The table is limited to the most relevant (5 % significance) ATC and ICD-10 main groups. Only outcomes that are significant at p \ 0.05 in at least one age group are shown * Significant at the 10 % level ** Significant at the 5 % level *** Significant at the 1 % level system, which appear to slightly persist into adulthood. These findings are particularly interesting given that ears and eyes are part of the craniofacial complex and that children with oral clefts face hearing complications due to frequent ear infections and feeding difficulties early in life. By contrast, we find that the somewhat higher drug intake beyond 20 years of age is driven primarily by diseases of the nervous system and the respiratory system. This result is in line with [5] who find an increased occurrence of psychiatric diseases among individuals with oral cleft. However, it is difficult to make strong conclusions, because the number of affected individuals with any use in each ATC and ICD-10 group is small.
Robustness checks
To assess the robustness our findings, we perform a set of sensitivity checks. In our main analysis we excluded individuals with clefts that also had other associated major anomalies. If the definition of associated major anomalies includes conditions that occur at a rather high frequency among unaffected persons, then individuals born with isolated oral clefts may represent an otherwise relatively healthy group of individuals. As expected, including individuals with associated major anomalies increases the oral cleft effects on health care use. This can be seen in Table 4 . However, it appears that impact is highest before adulthood, while the effects remain virtually unchanged among the adults. At the same time, a small fraction of unaffected siblings have non-cleft birth defects, which may potentially underestimate our effects. It is not possible to identify unaffected individuals with birth defects other than oral clefts among adults due to data limitations. We are able to identify from the National Patient Registry unaffected children/adolescents who have been treated for a birth defect within the first 3 years of life. However, only very few unaffected siblings have non-cleft birth defects and, as shown in Table 4 , excluding these individuals leaves the oral clefts effects virtually unchanged.
Finally, we examine whether the effects of oral clefts reported in Table 2 are mediated by adult socioeconomic status. Table 4 shows results when controlling for the individual's income, educational attainment and marital status in the same year as when the health care use outcomes are measured. As shown in the table, we find that the estimates virtually do not change suggesting that the small positive impact in adulthood is not a result of a lower socioeconomic achievement.
Generalizability issues
Since our empirical framework relies on sibling comparisons, we excluded any single children born with oral clefts.
However, it may be the case that families, who are more financially and psychologically affected by having a child with oral clefts, choose not to have more children, and so the individuals with oral clefts with siblings represent a selected group of families who are relatively less affected by oral clefts and therefore are not representative of the total population of affected families. Table A2 in the Appendix ESM shows the health care use outcomes for those individuals born with oral clefts who have siblings and those without siblings. We find that the group of individuals without siblings have a significantly higher use of all health care service outcomes compared to individuals with oral clefts who have siblings. This indicates that our results may underestimate the true impacts on health care service use outcomes and may be thought of as a lower bound of the average effect across the entire population of affected individuals.
While using within-siblings variation allows us to credibly estimate the effect of oral clefts, the issue of generalizability of these results to the general population of births is a potential concern. To partially gauge this issue, we compare the health care use of the unaffected siblings in our sample with a 5 % sample of the general population in a regression framework. We control for highest attained parental education during the period 1980-2005. We also include in the regressions the same background characteristics that are included in the main analysis. Table A3 in the Appendix ESM indicates that, even after controlling for these characteristics, the group of unaffected siblings has significantly higher health care use than the random sample from the population. These differences may still be due to differences in socioeconomic backgrounds between families with children with oral clefts and those without, since lower socioeconomic status is risk factor for oral clefts. However, they also suggest that unaffected siblings are not representative of the general population, and once again that the differences between children with oral clefts and their unaffected siblings are smaller than those comparing children with oral clefts to the general population (e.g., compared to a random sample of unaffected individuals from the Danish population), although part of the greater differences from the general population may be driven by differences in family backgrounds and are not a consequence of having an oral cleft. It is also possible that parents may invest differently in the health of their children based on their initial health endowments, which may also make the siblings sample less representative of the general population as observed below. Regardless of the source of the difference, these results are consistent with the fact that our estimates from comparing affected individuals to their own siblings are smaller than those in the few previous studies comparing affected individuals to a random sample from the general population. For example, the effects on hospitalization reported in this study are smaller than those reported in [8] .
Conclusion
Using a unique register-based data on the entire birth cohort of individuals born with oral clefts in Denmark, we explore the effects of oral clefts, which are among the most common birth defects worldwide, on use of several health care services over most of the lifespan. We find that oral clefts have a significant and pronounced impact on the utilization of most health care service in childhood when comparing affected children with their unaffected siblings. Additional results show that the effects are driven primarily by congenital malformation-related hospitalizations and intake of anti-infectives consistent with these effects being a consequence of having an oral cleft. The absolute differences in health care utilization generally diminish over time, suggesting that the effects of having an oral cleft on health and health care use largely dissipate over time. Given the improvements in modern plastic surgery, one might expect the effects to become even smaller for future cohorts. These effects observed during childhood are not explained by parental endowments related to oral clefts and emphasize the importance of acknowledging oral clefts as morbidity risk factors especially during childhood.
There are some limitations that warrant attention. First, a possible weakness of our empirical approach, which is based on sibling comparisons, is the potential for parents to make differential investments in one sibling based on initial health endowments [52] . For example, if parents invest more in the health of their children disadvantaged by exogenous fetal health shocks, such as being born oral clefts, it may make the unaffected siblings relatively less well off than a random sample of unaffected children from the general population, potentially affecting the generalizability of our results as Table A3 ESM indicate. Also, it should be noted that we did not have information on whether the siblings did in fact grow up in the same environment (e.g., whether some affected individuals were given away to a foster family, although we expect foster family incidences to have been relatively infrequent). Hence, when interpreting the observed differences in health care outcomes between unaffected individuals and siblings, it should be kept in mind that these can to some extent be a result of the affected individual experiencing a physical or psychosocial consequence from having an oral cleft, but also potentially reflecting parent/family mediated social effects (such as differential investments between children). However, the estimated differences between affected and unaffected siblings are still unbiased, even if they are partly inclusive of differential parental investments in their children (whether they compensate their less health endowed children or reinforce differences in health endowments), as different investments if they occur would be a consequence of the children's differences in their fetal health endowments, including in this case whether or not the child has an oral cleft, and are thus part of the causal pathway that should not be controlled for.
